Ethyl benzene detection by BN nanotube: DFT studies  by Noei, Maziar et al.
Journal of Saudi Chemical Society (2017) 21, S12–S16King Saud University
Journal of Saudi Chemical Society
www.ksu.edu.sa
www.sciencedirect.comORIGINAL ARTICLEEthyl benzene detection by BN nanotube: DFT
studies* Corresponding author. Tel.: +98 912 5759236.
E-mail address: Maziar.Noei@hotmail.com (M. Noei).
Peer review under responsibility of King Saud University.
Production and hosting by Elsevier
http://dx.doi.org/10.1016/j.jscs.2013.09.008
1319-6103 ª 2013 Production and hosting by Elsevier B.V. on behalf of King Saud University.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Maziar Noei a,*, Nastaran Ahmadaghaei b, Ali Akbar Salari ba Department of Chemistry, Mahshahr Branch, Islamic Azad University, Mahshahr, Iran
b Department of Chemistry, Shahr-E-Rey Branch, Islamic Azad University, Tehran, IranReceived 13 August 2013; revised 21 September 2013; accepted 24 September 2013
Available online 4 October 2013KEYWORDS
Sensorp;
Nanotube;
DFTAbstract Electrical sensitivity of a boron nitride nanotube (BNNT) was examined toward ethyl
benzene (C8H10) molecule by using density functional theory (DFT) calculations at the B3LYP/
6-31G(d) level, and it was found that the adsorption energy (Ead) of ethyl benzene on the pristine
nanotubes is about 11.42 kJ/mol. But when nanotubes have been doped with Si, O, S. P atoms,
the adsorption energy (Ead) and recovery time changed and the sensitivity of the nanotubes as
adsorbent of C8H10 molecule was increased. Calculations showed that when the nanotube is doping,
the adsorption energy will be equal to 1.75 kJ/mol which leads to a decrease in the recovery time
and also, due to doping the nanotube with O, the amount of HOMO/LUMO energy gap (Eg) will
reduce signiﬁcantly. It seems that nanotube (BNNT) is a suitable semiconductor after doping, and
the doped BNNT in the presence of ethyl benzene an electrical signal is generating directly and
therefore can potentially be used for ethyl benzene sensors, but BNNT is not a suitable adsorbent
for C8H10 molecules.
ª 2013 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Ethyl benzene is a hazardous substance and is considered one
of the environmental pollutants. Ethyl benzene adsorption for
workers who are exposed to lead through inhalation and
absorption through the skin is less [1,2]. In prolonged contactwith the ethyl benzene causes fatigue, headache, eyes and ner-
vous system is stimulated [3]. Low concentration of organic
contaminants is approximately 100 ppm [4,5].
Since the discovery of carbon nanotube (CNT) by Iijima [6]
the properties and applications of this novel material have
been investigated extensively [7–9]. CNTs have recently
emerged as a promising substitute for materials of different
properties and various applications in hydrogen storage, gas
sensors, textiles and many more [10,11]. Boron nitride nano-
tube (BNNT) has unique properties of a semiconductor behav-
ior. The reason for such behavior is the total atomic number of
B and N [12–14]. An interesting case for studying these
BNNTs is investigating their composite type [15–17]. BNNT
has a smaller band gap of a material that is interesting for
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composed of a single layer rotation of sp2. BNNT’s unique
properties including tensile strength, stiffness and deformation
are the features of this nanotube [19,24,25]. Previously adsorp-
tion of different molecules toward nanostructures has been
studied [20–23]. In this study, the adsorption of ethyl benzene
on the pristine case BNNT while Si, O, S, P atoms are in its
structure has been investigated.2. Computational methods
2.1. Computation procedures are include the following
We have optimized the ethyl benzene molecule and BNNT at
the B3LYP/6-31G(d) level of theory. BNNT is made up of
30N, 30B atoms were saturated by 10 hydrogen atoms which
are in initial and end part of nanotube. The reason for this
act had been done to decrease the boundary effects and totally
nanotube is involving 70 atoms (Fig. 1).
The BNNT that has been selected is zigzag (5,0) type and
GAMESS software [29] is used to perform these calculations.
The B3LYP is demonstrated to be a reliable and commonly
used functional in the study of different nanostructures
[26–28].We made ethyl benzene molecule from different posi-
tions of the site to be close to the nanotube and its adsorption
has been calculated by using the Eq. (1).
Ead ¼ ENanotubeþEthylbenzene  ½EEthyl benzene þ ENanotube
þ dBSSE ð1Þ
According to the mentioned equation EEthyl benzene is ethyl
benzene molecule’s energy, ENanotube is the nanotube energy
and ENanotube + Ethyl benzene is the nanotube’s energy with ethyl
benzene. In addition, dBSSE is representing the basis set super
position error. In the following steps Si, O, S, P atoms in the
nanotube structure have been doped to examine the ethyl ben-
zene adsorption on the nanotube and conductivity which is
doping with Si, P, S and O atoms.Figure 1 Ethyl benzene adsorption on the BNNT a3. Results and discussion
Fig. 1 shows the structure of boron nitride nanotube (BNNT),
in order to obtain the most stable adsorption mode of C8H10
molecule on different positions of BNNT, the most stable con-
ﬁguration is shown in Fig. 2, that hydrogen atom in the ring at
a distance of ethyl benzene is 3.16 A far from boron atom of
the nanotube and 2.93 A far from nitrogen atom of the
nanotube.
Detailed information of the structure and electronic proper-
ties of the BNNT including the HOMO/LUMO energy gap
(Eg) are shown in Table 1 in which adsorption energy (Ead)
for mentioned conﬁguration of ethyl benzene and nanotube
is about 11.42 kJ/mol and then we calculated the HOMO/
LUMO energy gap (Eg) for pristine nanotube since the ethyl
benzene molecule is adsorbed on the nanotubes (Table 1). Dia-
gram which shows HOMO/LUMO energy gap (Eg) has been
calculated, and the diagram which shows Eg has been obtained
by using density of state (DOS) software .
4. Adsorption of C8H10 on P and S doped BNNT
To examine the sensitivity of the adsorption of BNNT of
C8H10 as an adsorbent for C8H10 its examining has been done
two times, once B atom doped by P atom and other time N
atom by P atom has been doped. Doped calculation of P on
BNNT shows that the value of Eg is less than the pristine
nanotube (Fig. 3) and the best adsorption energy (Ead) is
obtained when Pchk the usage sitting instead of N and ethyl
benzene has been adsorbed. DOS diagram clearly shows that
when P is doped on the BNNT it will become a semiconductor.
Optimization of these type of interactions is desirable for
gas detection but is not optimal because weak interactions
such as these means that the BNNT is not suitable adsorbent
for ethyl benzene molecule (Table 1). At this stage to examine
the sensitivity of the adsorption of BNNT of C8H10 as an
adsorbent for C8H10 once B atom by a S atom and other N
atom by a S atom is doped. Doped calculation shows thatnd DOS diagram for observing Eg of nanotube.
Figure 2 Doped nanotube by O and DOS diagram for observing Eg nanotube.
Table 1 Ead (kJ/mol), eV for the others.
System Ead EHOMO EFL ELUMO Eg
*DEg (%)
BNNT – 6.45 4.60 2.76 3.69 –
E-BNNT 11.42 6.06 4.38 2.70 3.36 8.9
O – 3.66 2.97 2.28 1.38 –
E-O 1.75 3.65 2.96 2.27 1.38 0.0
P – 6.42 4.61 2.81 3.61 –
E-P 6.01 6.13 4.47 2.82 3.31 8.3
S – 3.73 3.08 2.44 1.29 –
E-S 4.36 3.74 3.08 2.43 1.30 +0.7
Si – 5.23 4.00 2.77 2.45 –
E-Si 5.98 5.13 3.93 2.73 2.40 2.0
S14 M. Noei et al.the amount of the Eg of S on the pristine nanotube is reduced
(Fig. 4).
DOS diagram clearly shows that when S doped on the
BNNT is a semiconductor, the doped BNNT is not suitableFigure 3 Doped nanotube by P and DOadsorbent for ethyl benzene molecule (Table 1). If Eg is signif-
icantly increased then it is expected that recovery time will be
long, meanwhile according to transition state theory and
recovery time can be explain as Eq. (2)
s ¼ t10 expðEad=kTÞ ð2Þ
where T is the temperature, k is the Boltzmann’s constant, and
t0 is the attempt frequency.
According to this equation as often as adsorption energy
(Ead) is increasing the recovery time becomes longer and calcu-
lation in Table 1 shows that the recovery time and adsorption
energy is not suitable level.
5. Adsorption of C8H10 on O and Si doped BNNT
At this stage doping has been studied with another element.
First, instead of B atom in the boron nitride nanotube an O
atom and then instead of N atom another O atom is replaced
in a nanotube (Fig. 2), and then geometrical structures andS diagram for observing Eg nanotube.
Figure 4 Doped nanotube by S and DOS diagram for observing Eg nanotube.
Figure 5 Doped nanotube by Si and DOS diagram for observing Eg nanotube.
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behavior are studied. Computations showed that when O is re-
placed by N in BNNT the Eg will become less. At this stage to
examine the sensitivity of the adsorption of BNNT of C8H10 as
an adsorbent for C8H10 once B atom by a Si atom and other N
atom by a Si atom is doped (Fig. 5), and then geometrical
structures and electronic properties of BNNT are doped and
their adsorption behavior are studied.
Computations showed that when Si is replaced by N in
BNNT the Eg will become more (Fig. 5) when O is sitting in-
stead of N and B, and the adsorption energy of ethyl benzene
on nanotube is less than when we just use the pristine nanotube
(not doped). After adsorption of C8H10 on the mentioned
nanotube that has been doped by O the HOMO/LUMO en-
ergy gap (Eg) will decrease and therefore a substantial increase
will occur in conductivity and this phenomenon can be ex-
plained by Eq. (3), [26]
r ¼ expðEg=2kTÞ ð3Þ
where r is conductance, T is temperature, k is Boltzmann con-
stant. According to this equation as often as Eg is smaller it
leads the conductivity to be more it can be concluded thatwhen O is doping on BNNT, we think that the BNNT can
be used as semiconductor, and by doping atoms in BNNT
structure in the presence of ethyl benzene an electrical signal
is generating directly and therefore can potentially be used
for ethyl benzene sensors, but the results show BNNT is not
a suitable adsorbent for ethyl benzene6. Conclusion
The adsorption of ethyl benzene (C8H10) molecules on the sur-
face of BNNT (boron nitride nanotube) has been studied by
using density functional theory (DFT) and then we doped
the Si, P, S and O atoms in the structure of the nanotube,
the results show it is clearly possible to modif nanotubes as a
semiconductor and the doped BNNT in the presence of ethyl
benzene, an electrical signal is generated directly and therefore
can potentially be used for ethyl benzene sensors, but the re-
sults show BNNT is not a suitable adsorbent for ethyl benzene.
These results may open a new gate to chemically modifying the
nanotubes in a way to expand the ﬁelds of their applications in
industry and technology.
S16 M. Noei et al.Acknowledgment
We are appreciating and thanking Islamic Azad University of
Mahshahr in advance due to their ﬁnancial supports.
References
[1] J.P. Gromiec, J.K. Piotrowski, Urinary mandelic acid as an
exposure test for ethylbenzene, Int. Arch. Occup. Environ.
Health 55 (1984) 61–72.
[2] L. Fishbein, An overview of environmental and toxicological
aspects of aromatic hydrocarbons IV. Ethylbenzene, Sci. Total
Environ. 44 (1985) 269–287.
[3] WHO, Environmental Health Criteria 186. Ethylbenzene, Word
Health Organisation, Geneva (1996).
[4] R.C. Bansal, M. Goyal, Actived Carbon Adsorption, CRC
Press, Taylor or Francis Group, 2005.
[5] G.O. Yahaya, Separation of volatile organic
compounds(BTEX) from aqueous solutions by a composite
organophilic hollow ﬁber membrane-based pervaporation
process, J. Membr. Sci. 31 (2008) 82–90.
[6] S. Iijima, Science of Fullerenes and carbon nanotubes, Nature
354 (1991) 56.
[7] G. Hummer, Water, protonund ion transport: from nanotubes
to proteins, Mol. Phys. 105 (2007) 201.
[8] B.E. Zhu, Z.Y. Pan, M. Hou, D. Cheng, Y.X. Wang, Melting
behavior of gold nanowires in carbon, Mol. Phys. 109 (2011)
527.
[9] F.R. Hung, G. Dudziak, M. Sliwinska-Barthkowiak, K.E.
Gubbins, Freezing/melting behavior within carbon nanotubes,
Mol. Phys. 102 (2004) 223.
[10] D.W.H. Fam, Al Palaniappan, A.I.Y. Tok, B. Liedberg, S.M.
Moochhala, A review on technological aspects inﬂuencing
commercialization of carbon nanotube sensors, Sens.
Actuators B 157 (I) (2011).
[11] I. Cabria, M.J. Lopez, J.A. Alonso, Density Functional
calculations of hydrogen adsorption on boron nanotubes and
boron sheets, Comp. Mater. Sci. 35 (2006) 238.
[12] S. Hou, Z. Shen, J. Zhang, X. Zhao, Z. Xue, Abinitio
calculations on the open end of single-walled BN nanotube,
Chem. Phys. Lett. 393 (2004) 179.
[13] M. Zhang, Z.-M. Su, L.-K. Yan, Y.-Q. Qiu, G.-H. Chen, R.-S.
Wang, Theoretical interpretation of different nanotube
morphologies among Group lll (B, Al, Ga)nitrides, Chem.
Phys. Lett. 408 (2005) 145.[14] S. Erkoc, Molecukar-dynamics simulation of structure and
thermal behavior of boron nitride nanotube, J. Mol. Struct. 542
(2001) 899.
[15] N.G. Chopra, Fully collapsed carbon nanotube, Science 269
(1995) 966.
[16] D. Golberg, Y. Bando, W. Han, K. Kurashima, T. Sato, New
fullerenes in the BCN system: synthesis and analysis by an
electron beam, Chem. Phys. Lett. 308 (1999) 337.
[17] C.C. Tang, Y. Bando, T. Sato, K. Kurashima, Single-source
precurson for chemical vapour deposition of collapsed boron
nitride nanotubes, Chem. Commun. 12 (2002) 1290.
[18] M.S. Dresselhaus, G. Dresselhaus, P.C. Eklund, Science of
Fullerenes and carbon nanotubes, Academic Press, San Diego,
CA, 1996.
[19] A. Rubio, J. Corkill, M.L. Cohen, Experimental identiﬁcation
of p-type conduction in ﬂuoridized boron nitride nanotube,
Phys. Rev. B 49 (1994) 5081.
[20] M. Moghimi, M.T. Baei, Nanostructures study of
chemisorptions of O2 molecule on Al (100) surface, J. Saudi
Chemi. Soc. 37 (2012) 45–53.
[21] A.A. Peyghan, S. Yourdkhani, M. Noei, Working mechanism of
a BC3 nanotube carbon monoxide gas sensor, Commun. Theory
Phys. 60 (2013) 138–145.
[22] J. Beheshtian, M. Noei, H. Soleymanabadi, A.A. Peyghan,
Aamonia monitoring by carbon nitride nanotubes: A density
functional study, Thin Solid Films 534 (2013) 650–654.
[23] M. Noei, A.A. Salari, N. Ahmadaghaei, Z. Bagheri, A.A.
Peyghan, DFT study of the dissociative adsorption of HF on an
AlN nanotube, C.R. Chimie 71 (2013) 235–244.
[24] M. Ouyang, J. Hang, C.M. Lieber, STM studies of single-walled
carbon nanotubes, Acc. Chem. Res. 35 (2002) 81–90.
[25] C.L. Kane, E.J. Mele, Vibrational effects in the linear
conductance of carbon nanotubes, Phys. Rev. Lett. 78 (1997)
1932.
[26] J. Beheshtian, A.A. Peygan, Z. Bagheri, Electronic Respone of
nano-sized cages of Zno and Mgo to presence of, nitric oxide,
Appl. Surf. Sci. 259 (2012) 631.
[27] F.J. Owens, Increasing the B/N ratio in boron nitride
nanoribbons a possible approach dilute magnetic
semiconductors, Mol. Phys. 109 (2011) 1527.
[28] A.A. Fokin, P.R. Schreiner, Band gap tuning in
nanodiamonds:ﬁrst principle computational studies, Mol.
Phys. 107 (2009) 823.
[29] M. Schmidt, General atomic and molecular electronic structure
system, J. Comput. Chem 14 (1993).
